We investigated the relationships of plasma sex hormones (free testosterone ; free T, estradiol ; E2, dehydroepiandrosterone-sulfate ; DHEA-S) and sex hormone-binding globulin (SHBG) levels to lipid and glucose metabolism cross-sectionally in 212 apparently healthy men aged from 18 to 59 years. A multiple linear regression analysis for lipid and glucose parameters with age, body mass index (BMI), percent body fat (%fat), waist to hip ratio (WHR), estimated maximal oxygen uptake (VO2max), alcohol and cigarette consumption, sex hormones, and SHBG, respectively, as independent variables, was performed. DHEA-S was indicated as one of the independent predictors of both high density lipoprotein cholesterol (HDL-C), with a positive relation, and of triglyceride and total cholesterol/HDL-C ratio, with a negative relation, while SHBG was one of the predictors of both HDL-C, with a positive relation, and of fasting insulin, with a negative relation. The E2 level was found to be negatively related to both low density lipoprotein cholesterol and fasting blood glucose. These findings thus suggest that the higher levels of SHBG, DHEA-S and E2 within physiological ranges in healthy men may partially help to maintain a desirable profile of the plasma lipid and glucose metabolism.
Recent studies have suggested that dehydroepiandrosterone (DHEA) and its sulfate ester, dehydroepiandrosteronesulfate (DHEA-S), not only demonstrate weak androgenic activity, but also have several physiological functions such as anti-obesity and anti-atherosclerotic as well as an anticarcinogenic action (14-16). It is well known that these hormones decrease with age regardless of gender differences (17). In men, low levels of DHEA-S predict the development of angiographically defined coronary atherosclerosis (18) and/or mortality from CVD (19). However, the relationship of DHEA-S and other sex hormones with the lipid and glucose metabolism in men remains to be clarified. Both positive and negative associations between these hormones and lipid and glucose parameters have been reported as well as absence of any association (18-27), and these studies have not considered such confounding variables as alcohol and cigarette consumption or physical fitness.
In this study, we cross-sectionally examined the relationships of the concentrations of free testosterone (free T), estradiol (E2), DHEA-S and SHBG to lipid and glucose metabolism in apparently healthy men with a wide range of age and obesity. Since the degree of obesity, body fat distribution, alcohol and cigarette consumption and physical fitness may influence both sex hormones and lipid and glucose metabolism, the analysis was controlled for these potentially confounding factors.
Subjects and Methods
Subjects in this study were apparently healthy Japanese male employees (n=212) aged 18-59 years working at a food company located in the south western part of Japan. Subjects taking medications that might affect their lipid or glucose metabolism and subjects with excessive 120 mg/di of fasting blood glucose were not included. All measurements were taken during a regular health check up.
The anthropometric parameters of shoeless subjects wearing light clothing in an upright position were measured by the same researcher.
The body mass index (BMI) was calculated as the weight (kg) divided by the height (m) squared. The skinfold thickness was measured by a Harpenden caliper to calculate the percent body fat (%fat) using Brozek's formula (28) after estimating body density according to Nagamine's method (29). The waist and hip circumferences were measured at the level of the umbilicus and at the level of the greater trochanter, respectively. The ratio of the waist to hip circumference (WHR) was used as an index of abdominal fat distribution. To evaluate the level of physical fitness, the maximal oxygen uptake (VO2max) was predicted by an indirect method using an electric cycle ergometer (ML1400 ; Fukuda Denshi, Japan). Alcohol consumption expressed as 1 Go (180 ml) of Japanese sake per week and cigarette consumption expressed as the number of cigarettes smoked per day were evaluated by a questionnaire.
Blood samples were drawn from the antecubital vein after a 12-hour fast to determine the following parameters ; total cholesterol (TC), high density lipoprotein cholesterol (HDL-C), triglyceride (TG), glucose (FBG), insulin (FIRI), E2, free T, SHBG, and DHEA-S. The TC, HDL-C and TG were analyzed by an enzymatic method. The LDL-C was calculated using Friedwald's method (30). The ratio of TC to HDL-C (TC/HDL-C) and the ratio of LDL-C to HDL-C (LDL-C/HDL- Table 1 shows anthropometric, physical, and metabolic characteristics, sex hormone levels and alcohol and cigarette consumption of the study subjects.
Pearson's correlation coefficients of sex hormones and SHBG with age, obesity indices, VO2max, and alcohol and cigarette consumption are shown in Table 2 . Age-related decreases in free T, E2, DHEA-S and an age-related increase in SHBG were found. The level of free T was negatively associated with BMI, WHR, and alcohol consumption, and positively associated with VO2max. The level of E2 was negatively associated with alcohol and cigarette consumption. The level of SHBG was inversely associated with BMI and %fat, and was positively associated with alcohol and cigarette consumption. Table 3 presents significant Pearson's correlation coefficients of . lipid and glucose parameters with age, obesity indices, VO2max, alcohol and cigarette consumption, sex hormones, and SHBG. The level of free T was negatively related to TC, LDL-C, the ratio of TC/HDL-C and LDL-C/ HDL-C, TG, and FBG. The level of E2 was negatively related to TC, LDL-C, LDL-C/HDL-C ratio, and FBG. The level of DHEA-S was negatively correlated with the ratio of TC/HDL-C and LDL-C/HDL-C and positively correlated with FIRI. However, the level of SHBG was positively correlated with TC, HDL-C, but negatively correlated with FIRI.
The results of stepwise multiple linear regression analyses for each lipid and glucose parameters as the dependent variable are shown in Table 4 . Independent variables were age, BMI, %fat, WHR, VO2max, alcohol and cigarette consumption, free T, E2, DHEA-S, and SHBG. Among obesity indices, WHR was the most frequently selected independent variable for lipid parameters, such as TC, LDL-C, the ratios of TC/HDL-C and LDL-C/HDL-C, and TG, showing a positive relation. The level of VO2max was a significant variable in relation to the ratios of TC/HDL-C and LDL-C/HDL-C, and TG with a negative relation. Cigarette consumption was negatively correlated with HDL-C and FIRI, and positively with TC/HDL-C and LDL-C/HDL-C ratio. Alcohol consumption was positively related to TG and negatively related to LDL-C and LDL-C/HDL-C ratio. The E2 concentration also showed a significant negative association with LDL-C and FBG. There were significant negative associations between DHEA-S and TC/HDL-C ratio, and between SHBG and FIRI. Both DHEA-S and SHBG had independent significance for the HDL-C level.
Discussion
In this study, age and obesity indices, especially WHR, were independently associated with lipid and glucose parameters as previous studies have already documented (31, 32). Alcohol and cigarette consumption, as well as VO2-max as an index of physical fitness were also observed to be significant predictors of lipid and glucose variables in a multiple linear regression analyses. We therefore investigated the contribution of the sex hormones to the lipid and glucose metabolism after adjusting for these factors. Most previous studies have not taken all of these factors into consideration.
One of the main results was that the levels of SHBG and DHEA-S were significantly associated with the HDL-C level independent of age, BMI, %fat, WHR, VO2max, and alcohol and cigarette consumptions.
A good relationship between SHBG and HDL-C was also confirmed not only in pre-(33) and post-menopausal women (34), but also in men (6, 7, 20). Table 2 .
Linear correlation results.
The above listed correlation coefficients are significant at the 5% level. Table 3 .
The above listed correlation coefficients are significant at the 5% level.
Although sex hormones have been thought to be related to the regulation of HDL-C level by activation of lipoprotein lipase and hepatic triglyceride lipase (35, 36), it remains unclear exactly how SHBG regulates HDL-C metabolism. The administration of DHEA-S to hypogonadal men suggested an androgenic as well as an estrogenic effect (14), but lipid levels were not evaluated. Haffner et al. (21) and Nafziger et al. (22) respectively showed a positive relation between DHEA-S and HDL-C in a cross-sectional study of the male population. These findings were in accordance with our study. A dose-response negative relation between DHEA-S and angiographically defined coronary atherosclerosis was demonstrated (18). In a prospective study of older men, inverse associations between the baseline DHEA-S level and subsequent mortality from any cause and from cardiovascular disease have been reported (19). Recently, Eveling and Koivisto (16) suggested that DHEA could have both estrogenic and androgenic effects depending on the hormonal milieu and that in men DHEA might bind to vacant estrogen receptors and enhance estradiol-like effects. Bagatell et al. (37) demonstrated that the physiological level of E2 may be necessary to maintain the HDL2-C level in normal men. We also found a negative relation between DHEA-S and TC/HDL-C ratio and TG as shown in previous studies (21, 22). However, confounding results have been reported in clinical studies. A decrease in the TC and LDL-C level in normal young men receiving supraphysiological doses of DHEA-S has been reported (38), while no changes in the lipid level were observed by the same dose of DHEA in obese young men (39) or a physiological dose in middle and older men (40). Considering these results, although DHEA-S may have a beneficial effect on normal lipid metabolism in men, further studies are still needed.
Another main result was that plasma E2 concentrations within the normal range correlated independently and negatively with the levels of LDL-C and FBG. So far, the roles of estrogen in lipid and glucose metabolism in men, however, have attracted less interest than those in women. Relative hyperestrogenemia has been reported in men with myocardial infarction (41), but the results might have been confounded by the effects of body weight and smoking (26). Recently, both negative (21) and no (25) correlations between We observed an independent inverse relation between E2 and FBG by multiple linear regression analyses. Haffner et al. (27) found that the E2 concentration was not significantly associated with either the glucose or insulin concentrations at either fasting or 2 hours after oral glucose tolerance test in non-diabetic men. Although Phillips (20) showed the E2/ T ratio correlated positively with the glucose and insulin levels in obese men, we did not find such a result (data not shown). We also performed an analysis of co-variance for FBG by tertiles of E2 levels (low, middle, high), and the result indicated a significantly higher level of FBG in the low tertile of E2 after adjustment for age, BMI, %fat, WHR, cigarette and alcohol consumption, and VO2max (unpublished data). Recently, Smith et al. (44) reported a man with estrogen resistance caused by a disruptive mutation in the estrogenreceptor gene which caused impaired glucose torelance and hyperinsulinemia. The physiological role of estrogen in glucose metabolism in healthy men remains to be clarified.
The level of SHBG was independently and negatively associated with FIRI. Although the decreased concentrations of SHBG in women is an indirect index for relative androgenicity (2), the significance of a low level of SHBG in men remains unclear. Nevertheless, it has been shown that SHBG is a valuable marker for hyperinsulinemia and/or insulin resistance (10) regardless of gender. In addition, the depressed plasma SHBG concentration in obese men may also be related to high levels of plasma insulin while fasting (45) . Furthermore, significant relationships between SHBG and insulin sensitivities evaluated by the minimal model (10) or the hyperinsulinemic euglycemic clamp method (12), glucose-stimulated insulin area (11), and pulse frequency of insulin secretion (46) , have all been recently reported in normal and diabetic men. In this study, SHBG was found to be a contributing factor to insulin levels within the physiological range.
Although free T showed negative associations with some lipid and glucose parameters by linear correlation analyses, the significance disappeared by multiple linear regression analyses. These results suggest that the influence of other confounding factors such as age and WHR might be stronger than free T itself.
Alcohol consumption in this study varied considerably among subjects and was positively correlated with TG, and negatively correlated with LDL-C and LDL-C/HDL-C ratio. Several epidemiological studies demonstrated that light to moderate alcohol consumption is associated with enhanced insulin sensitivity (47), higher level of HDL-C (47), and lower concentrations of TG (48) and LDL-C (49). However, nonsignificant correlation with TG or LDL-C has been reported (50) . Heavy drinking appeared to increase the risk of stroke and sudden death in a prospective study (51) . In addition, cigarette smoking is known to be associated with increases in plasma TG concentration and decreases in plasma HDL-C concentration, and also to cause insulin resistance (52) . Our results showed a negative relation with HDL-C and a positive relation with TC/HDL-C and LDL-C/HDL-C ratio as seen in previous studies. Unfortunately, we could not find any explanation for the negative correlation between the number of cigarettes and the FIRI concentration.
There are some reports that fitness levels evaluated by VO2max (53, 54) , treadmill exhaustion time (53, 55) , maximal or total work load performed (56, 57) and onset of blood lactate accumulation (58) are one of the predictors of blood levels of glucose and lipid parameters. We speculate that the decline in the fitness level may be a result of a decrease in muscle volume and/or an accumulation of visceral fat due to a low physical activity level, and that these conditions may lead to abnormalities in lipid and glucose metabolism. In fact, a significant relationship between changes in HDL-C and abdominal fat area was observed in premenopausal women after endurance training (59, 60) .
In conclusion, the present study demonstrated that both SHBG and DHEA-S were positively related to HDL-C, while E2 was negatively related to LDL-C and FBG independent of age, BMI, %fat, WHR, VO2max and cigarette and alcohol consumption. Although the contributions of these independent variables to the lipid and glucose parameters are dominant, these results suggest that the higher plasma concentrations of E2, DHEA-S and SHBG within physiological ranges in healthy men may partially help to maintain a desirable profile of the plasma lipid and glucose metabolism. However, the role of these sex hormones on the lipid and glucose metabolism remains to be clarified, because this was a cross-sectional study and the contribution of sex hormones was smaller than that of other independent variables. 
